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,QWURGXFWLRQ
,QWHUDFWLYHPDSVURXWHSODQQHUVDQGUHDOWLPHVHUYLFHDOHUWVKDYHEHFRPHHVVHQWLDOFRPSRQHQWVRISXEOLF
WUDQVSRUW V\VWHPV WKH\SURYLGH WUDYHOOHUVZLWKDFFHVV WRYLWDO LQIRUPDWLRQ WKDW UHGXFHVEDUULHUV WRXVLQJ
SXEOLFWUDQVLW6WDWHRIWKHDUW$GYDQFHG7UDYHOOHU,QIRUPDWLRQ6\VWHPV$7,6JLYHSDVVHQJHUVDFFHVVWR
UHDOWLPHGDWDDERXWWKHWUDQVSRUWV\VWHPDVWKH\QDYLJDWHLW,QGRLQJVRWKH\LPSURYHWUDYHOOHUV
FKRLFHV
UHJDUGLQJZKHWKHUWRWUDYHOURXWHVHOHFWLRQVDQGZD\ILQGLQJDELOLWLHV+RZHYHUWKHFXUUHQWDSSURDFKWR
GHVLJQLQJ $7,6 LV D CRQHVL]HILWVDOO
 PRGHO LQIRUPDWLRQ LV KRPRJHQHRXVO\ DFFHVVLEOH E\ DOO WUDQVLW
SDVVHQJHUV ZKR PXVW WKHQ PDQXDOO\ LGHQWLI\ RU LQSXW ZKDW LV UHOHYDQW WR WKHLU RZQ QHHGV $ QRWDEOH
IHDWXUHODFNLQJLQWKHVHV\VWHPV LV WKHDELOLW\WRG\QDPLFDOO\DQGDXWRPDWLFDOO\ WDLORULQIRUPDWLRQWRWKH
LQGLYLGXDO QHHGV RI HDFK WUDYHOOHU 0RVW RQOLQH WUDQVLW WRROV IRU H[DPSOH KDYH \HW WR LQFRUSRUDWH DQ
XQGHUVWDQGLQJ RI WUDYHOOHUV
 SUHIHUHQFHV RU WKHLUPRELOLW\UHODWHG UHTXLUHPHQWV²IDFWRUV WKDW FDQ JUHDWO\
LPSDFW WKH RYHUDOO WUDQVLW H[SHULHQFH 7KH GLIIHUHQFHV EHWZHHQ WUDYHOOHUV
 SUHIHUHQFHV DUH SDUWLFXODUO\
FULWLFDO LQ WKH FRQWH[W RI SXEOLF WUDQVSRUW HQFRXUDJLQJ WKH XVH RI WKH SXEOLF WUDQVSRUW LQIUDVWUXFWXUH LQ
XUEDQHQYLURQPHQWVZKLFKZLOOLQYDULDEO\UHGXFHFRQJHVWLRQDQGSROOXWLRQUHOLHVRQSURYLGLQJDVHUYLFH
WKDWHDFK LQGLYLGXDO WUDYHOOHU IHHOVZLOO VXLW WKHLURZQQHHGVDQGJRDOV 3HUVRQDOLVDWLRQ V\VWHPVRIIHUD
ULFKRSSRUWXQLW\WRERWKWDLORULQIRUPDWLRQWRWKHLQGLYLGXDOWUDYHOOHUDQGUHGXFHWKHFRPSOH[LW\DQGQHHG
IRUPDQXDOO\VHDUFKLQJIRUUHOHYDQWWUDQVLWLQIRUPDWLRQ
$ VLJQLILFDQW REVWDFOH WR SHUVRQDOLVLQJ WKH SXEOLF WUDQVSRUW H[SHULHQFH KDV EHHQ WKH ODFN RI GDWD DERXW
LQGLYLGXDO WUDYHOOHU SUHIHUHQFHV DQG URXWLQHV +RZHYHU WKH LQWURGXFWLRQ DQG ZLGHVSUHDG DGRSWLRQ RI
VPDUWSKRQHV RIIHU D SRWHQWLDO FKDQQHO WR WKLV PLVVLQJ GDWD DV ZHOO DV FROOHFW GDWD DERXW SDVVHQJHU
EHKDYLRXUWKDWKDVWRGDWHEHHQLQDFFHVVLEOH)ROORZLQJWKHWUHQGRI³SHRSOHDVVHQVRUV´WKHVHSRZHUIXO
GHYLFHVFDQEHXVHGWRVHQVHKRZSHRSOHWUDYHOZKHQIURPZKHUHWRZKHUHZKDWPRGHHWFDVZHOODV
DOORZWKHPWRGLDORJZLWKURXWHSODQQLQJVHUYLFHVG\QDPLFDOO\YLDFRQWH[WDZDUHLQWHUIDFHV
,Q WKLV SDSHU ZH GLVFXVV KRZ VWDWHRIWKH DUW $7,6 V\VWHPV FDQ EHFRPH SHUVRQDOLVHG VHUYLFHV E\
LQFOXGLQJ WKH IROORZLQJ GDWD PLQLQJ DQG QDWXUDO ODQJXDJH SURFHVVLQJ WR OHDUQ WUDYHOOHUV
 LPSOLFLW
SUHIHUHQFHV WULS SODQQLQJ DQG URXWLQJ WKDW LV FRPSXWHG EDVHG RQ H[SOLFLW SUHIHUHQFHV DQG KRZ VPDUW
SKRQHPRELOHSKRQHVFDQG\QDPLFDOO\DGDSWWRWUDYHOOHUV
VXUURXQGLQJHQYLURQPHQWDQGDFWLYLWLHVLQRUGHU
WRPD[LPLVH WKH UHOHYDQFHRI WKHGDWD WKH\GLVSOD\:HGHVFULEHD V\VWHPFXUUHQWO\EHLQJGHYHORSHGDV
SDUW RI WKH (& L7RXU SURMHFW WKDW LQWHJUDWHV  LPSOLFLW SUHIHUHQFH HOLFLWDWLRQV  SHUVRQDOLVHG URXWH
SODQQLQJ DQG H[HFXWLRQ  QDWXUDO ODQJXDJH SURFHVVLQJ IRU ORFDO VHDUFK DQG  FRQWH[WDZDUHPRELOH
LQWHUIDFHV
7KHUHVWRIWKLVSDSHULVRUJDQLVHGDVIROORZV,Q6HFWLRQZHLQWURGXFHDWUDYHOVFHQDULRWKDWZLOOERWK
PRWLYDWH WKH QHHG IRU G\QDPLF SHUVRQDOLVHG $7,6 DV ZHOO DV GHPRQVWUDWH KRZ WKH IRXU FRPSRQHQWV
GHVFULEHG DERYHZLOO RSHUDWH WRJHWKHU ,Q 6HFWLRQZHGLVFXVV UHODWHGZRUNZKLFKSODFHV WKLV V\VWHP
ZLWKLQ WKH EURDGHU FRQWH[W RI D YDULHW\ RI PXOWLGLVFLSOLQDU\ ZRUN:H WKHQ GHVFULEH HDFK FRPSRQHQW
6HFWLRQV:HFRQFOXGHLQ6HFWLRQE\GLVFXVVLQJIXWXUHGLUHFWLRQV
6FHQDULR
7KLV VHFWLRQ EULHIO\ GHVFULEHV D EDVLF WUDYHO VFHQDULR LQ RUGHU WR VKRZ KRZ DQG ZK\ DOO WKH GLIIHUHQW
FRPSRQHQWVWKDWDUHGHVFULEHGLQWKHIROORZLQJVHFWLRQVILWWRJHWKHU
0RQGD\DP$OLFHZDNHVXSDQGJHWVUHDG\WRJRWRZRUN6KHVZLWFKHVRQKHUPRELOHDSSZKLFKWHOOV
KHUDOOLVILQHLQKHUURXWHWRZRUNEXVDQGWXEH6KHOHDYHVKRPHDQGJHWVRQDEXV:KLOHJRLQJWKH
DSS DOHUWV KHU WKDW VRPHWKLQJKDV FKDQJHG EHFDXVHRI D IDXOW\ WUDLQ WKH WUDLQ VWDWLRQ LV FRQJHVWHG DQG
WKHUH DUHPLQRU GHOD\V 6KH GHFLGHV WR DYRLG WKH VWDWLRQ WKHQ DQG TXHULHV WKH URXWLQJ V\VWHP WR JHW DQ
DOWHUQDWLYHURXWHZKLFKVXJJHVWVKHUWRVWD\RQWKHEXVIRUPRUHVWRSVWKHQWDNHDWUDPIRUVWRSVDQG
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ILQDOO\ZDONIRUPLQXWHV:KHQVKHFKDQJHVEXVWUDPVKHXVHV WKHPRELOHDSS WRJHWGLPHQVLRQDO
QDYLJDWLRQLQVWUXFWLRQVRIKRZWRZDONWRWKHULJKWVWRSDVVKHLVQRWIDPLOLDUZLWKWKHURXWHDQGGRHVQRW
NQRZZKHUHWRJR6KHLVQRZZDONLQJWRZDUGVWKHRIILFHDQGUHDOLVHVVKHDOVRQHHGVWRILQGDQRWKHUSODFH
ZKHUHWRJHWOXQFKDVVKHZRQ¶WSDVVLQIURQWRIKHUXVXDOVKRS6KHVWDUWVWKHYRLFHLQWHUIDFHDQGDVNVIRU
DVDQGZLFKVKRSWKDWFDWHUVIRUJOXWHQIUHHGLHWVDQGZKHUHVKHFDQSD\E\FUHGLWFDUGDVVKHKDVQRFDVK
7KHDSSOLFDWLRQUHFRPPHQGVWZRSODFHVDQGVKRZVGLPHQVLRQDOZDONLQJGLUHFWLRQVRIKRZWRJHWWKHUH
6KHOLNHVWKHSODFHVKHFKRRVHVYHU\IULHQGO\VWDIIDQGSOHQW\RIFKRLFHVVRVKHOHDYHVDSRVLWLYHUHYLHZ
EXWXSGDWHVWKHV\VWHPWRFODULI\WKDWFUHGLWFDUGVDUHRQO\DFFHSWHGIRUSD\PHQWVRIRUPRUH
7KLVVFHQDULRKLJKOLJKWVDQXPEHURIFKDOOHQJHVWKDWDUHFDSWXUHGE\GLIIHUHQWFRPSRQHQWVRIWKHV\VWHP
ZHGHVFULEHLQWKLVSDSHU
 0XOWL0RGDO5RXWLQJ+RZGRHVWKHV\VWHPG\QDPLFDOO\FRPSXWHPXOWLPRGDOURXWHV"
 8VHU3UHIHUHQFHV+RZGRHVWKHV\VWHPNQRZWKHXVHU
VXVXDOURXWH"+RZDUHFURZGHGQHVVDQG
GHOD\V PHDVXUHG LQ UHDOWLPH" +RZ DUH LPSOLFLW SUHIHUHQFHV DQG UDWLQJV XVHG IRU DOHUWV DQG
UHFRPPHQGDWLRQV"
 1DWXUDO/DQJXDJH6HDUFK+RZGRHVWKHV\VWHPUHVSRQGWRWKHXVHU
VTXHU\DERXWJOXWHQIUHH
UHVWDXUDQWVDQGSURGXFHGHVWLQDWLRQUHFRPPHQGDWLRQV"
 $FWLYLW\,QIHUHQFH	$GDSWLYH,QWHUIDFHV+RZGRHVWKHV\VWHPNQRZWKHXVHULVRQWKHEXV"
+RZDUHGLPHQVLRQDOLQWHUIDFHVOHYHUDJHGWRIDFLOLWDWHQDYLJDWLRQ"
,QWKHIROORZLQJVHFWLRQZHGHVFULEHWKHUHVHDUFKWKDWKDVEHHQGRQHWRGDWHRQHDFKRIWKHVHIDFHWV:H
ZLOO WKHQ UHYLHZ WKH XQLTXH DSSURDFK ZH DUH DGRSWLQJ DV SDUW RI WKH (& L7RXU SURMHFW DQG WKH
FRQWULEXWLRQV ERWK WR UHVHDUFK DV ZHOO DV V\VWHP LPSOHPHQWDWLRQ WR HDFK RI WKH DERYH SUREOHPV E\
ORRNLQJDWWKHFRPSRQHQWVZHDUHEXLOGLQJ
5HODWHG:RUN
7KLVVHFWLRQSODFHVWKHIUDPHZRUNWKDWZHGHVFULEHEHORZZLWKLQWKHFRQWH[WRIH[LVWLQJV\VWHPVDQG
OLWHUDWXUH 7KHUH DUH IRXU VHFWLRQV WKDW ZH FRYHU DGYDQFHG WUDYHOOHU LQIRUPDWLRQURXWLQJ V\VWHPV
SHUVRQDOLVDWLRQQDWXUDOODQJXDJHSURFHVVLQJDQGVPDUWPRELOHLQWHUIDFHV
5RXWLQJ-RXUQH\3ODQQLQJDQG7UDYHOOHU,QIRUPDWLRQ6\VWHPV
$ URXWLQJ V\VWHP JHQHUDWHV URXWLQJ DGYLFH IRU WULSV ZLWK D NQRZQ RULJLQ DQG GHVWLQDWLRQ ORFDWLRQ DQG
SRVVLEO\ RQH RU PRUH LQWHUPHGLDWH VWRSV ZD\SRLQWV $FFRUGLQJ WR WKH WUDQVSRUW PRGHV VXSSRUWHG
H[LVWLQJ URXWLQJ V\VWHPV DYDLODEOH RQ WKH ZHE PRELOH GHYLFHV RU LQYHKLFOH ERDUG FRPSXWHUV FDQ EH
FDWHJRUL]HGDVURDGQHWZRUNURXWLQJHJIRRWELNHFDUSXEOLFWUDQVSRUWURXWLQJHJEXVWUDLQDQG
PXOWLPRGDO URXWLQJ7KH ODWWHUPXOWLPRGDO URXWLQJ V\VWHPV DOVR VXSSRUW WULSV WKDW XVH FRPELQDWLRQRI
SULYDWHDQGSXEOLFWUDQVSRUWHJWUDQVIHUIURPFDUWRWUDLQWRWUDYHOWRWKHILQDOGHVWLQDWLRQ7UDGLWLRQDOO\
URXWLQJV\VWHPVJHQHUDWHWKHIDVWHVWURXWHVIRUDWULS,QFUHDVLQJO\KRZHYHUV\VWHPVDUHDSSHDULQJRQWKH
PDUNHW WKDW FRQVLGHU DZLGHU UDQJH RI SRVVLEOH SUHIHUHQFH GLPHQVLRQV DQG DOORZ WUDYHOOHUV WR FKRRVH D
PRVWHFRQRPLF ORZHVWFRVWPRVWHQYLURQPHQWDO IULHQGO\ ORZHVWHPLVVLRQRUDPRVW VFHQLF URXWH$
IXUWKHUVWHSLQWKLVGLUHFWLRQFRQFHUQVSURYLGLQJSHUVRQDOL]HGURXWLQJDGYLFHLHDGYLFHWKDWLVWDLORUHGWR
WKH SUHIHUHQFHV RI WKH VSHFLILF XVHU LQ WHUPV RI WKH ZHLJKWV KH RU VKH DVVLJQV WR FULWHULD VXFK DV WLPH
FRQYHQLHQFH FRVWV VDIHW\ HQYLURQPHQW DQG VR RQ ,Q WKH FDVH RIPXOWLPRGDO URXWLQJ V\VWHPV ZKLFK
HQODUJH FKRLFH RSSRUWXQLWLHV WR LQFOXGH DOVR WUDQVSRUW PRGH WKH YDOXH RI SHUVRQDOL]HG URXWH JXLGDQFH
EHFRPHVLQFUHDVLQJO\VLJQLILFDQW$V&KRUXVFRPPHQWHGLQKLVUHYLHZRI$7,6³WKHGHYHORSPHQW
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RI D QH[W JHQHUDWLRQ LQ $7,6V SRWHQWLDOO\ UHVXOWV LQ PRELOH PXOWLPRGDO G\QDPLF DQG SHUVRQDO WUDYHO
LQIRUPDWLRQ´

7KHUHLVHYLGHQFHRIDJURZLQJLQWHUHVWLQGHYHORSLQJPXOWLPRGDO$7,6IURPERWKDFDGHPLDDQGLQGXVWU\
,Q*HUPDQ\6FKXOWHV >6FK@ DQG3DMRU >3D@GLG H[WHQVLYH UHVHDUFK WR H[WHQGQHWZRUNV IURP VLQJOH
PRGDO PDLQO\ URDG QHWZRUN WR PXOWLPRGDO /LX >/L@ SURSRVHG D VZLWFK SRLQW DSSURDFK WR PRGHO
PXOWLPRGDO WUDQVSRUW QHWZRUNV 7KH0HQW] &RPSDQ\ >5H@ GHYHORSHG D MRXUQH\ SODQQHU V\VWHP DQG
DSSOLHG LW WR D UHJLRQDO VFDOH ZLWK UHODWLYHO\ KLJK VSDWLDO UHVROXWLRQ 2WKHU DSSOLFDWLRQV LQFOXGH %DKQ
*HUPDQQDWLRQDOUDLOZD\VWLPHWDEOH,QWKH8QLWHG6WDWHV=KDQJ>=K@/L>/L@-DUL\DVXQDQW>-D@
UHSRUWHGDSSOLFDWLRQV WRVXSSRUWPRELOHPXOWLPRGDO$7,6 LQ&DOLIRUQLD IRU URXWHSODQQLQJ3HQJ>3H@
SURSRVHGDGLVWULEXWHGVROXWLRQIRUSODQQLQJRIWULSVLQDODUJHUWUDQVSRUWV\VWHP&RPSDQLHVOLNH7UDSH]H
-HSSHVHQ*RRJOHDOVRGHYHORSHGVXFKSURGXFWV,QWKH8QLWHG.LQJGRPWKHUHDUHDOVRPDQ\PXOWLPRGDO
$7,6DSSOLFDWLRQVVXFKDV7UDQVSRUWIRU/RQGRQ¶V-RXUQH\SODQQHU,QWKH1HWKHUODQGV9DQ1HV>1H@
FRQGXFWHG H[WHQVLYH UHVHDUFK IRU GHVLJQLQJPXOWLPRGDO WUDQVSRUW QHWZRUNV%HHOHQ >%H@GHYHORSHG D
SHUVRQDO LQWHOOLJHQW WUDYHO DVVLVWDQW IRU SXEOLF WUDQVSRUW ,Q RWKHU FRXQWULHV DQG UHJLRQV+RXGD >0Q@
SURSRVHG D SXEOLF WUDQVSRUWDWLRQ RQWRORJ\ $\HG >$\@ SURSRVHG D WUDQVIHU JUDSK DSSURDFK IRU
PXOWLPRGDOWUDQVSRUWSUREOHPV=RJUDIRV>=R@GHVFULEHGDQDOJRULWKPIRULWLQHUDU\SODQQLQJEDVHGRQ
G\QDPLFSURJUDPPLQJ+HDOVRUHSRUWHGZRUNRQ WKHGHVLJQDQGYDOXHRIRQOLQHSDVVHQJHU LQIRUPDWLRQ
V\VWHPV:DQJ>:D@GLGDVWXG\RQKDQGOLQJWLPHVDQGIDUHVLQDURXWLQJDOJRULWKPIRUSXEOLFWUDQVSRUW
6X >6X@ GHYHORSHG DPXOWLPRGDO WULS SODQQLQJ V\VWHP IRU LQWHUFLW\ WUDQVSRUWDWLRQ LQ 7DLZDQ.XPDU
>.X@GHYHORSHGDPXOWLPRGDOWUDQVSRUWV\VWHPIRU+\GHUDEDG,QGLD

$V WKLV EULHI UHYLHZ RI H[LVWLQJ ZRUN VXJJHVWV WKH LQWHJUDWHG PRGHOOLQJ RI PXOWLPRGDO WUDQVSRUW
QHWZRUNVLVQRZZHOOXQGHUVWRRG'HVSLWHWKHIDFWWKDWDOJRULWKPVDUHDYDLODEOHKRZHYHUDQLQWHJUDWHG
SHUVRQDOL]HGWUDYHOLQIRUPDWLRQV\VWHPDVIRUHVHHQIRUDQH[WJHQHUDWLRQ$7,6FXUUHQWO\GRHVQRWH[LVW
(VSHFLDOO\RQWKHSDUWRISHUVRQDOL]HGDGYLFHRQO\OLPLWHGZRUNKDVEHHQGRQHWRGDWH7RWKHDXWKRUV¶
NQRZOHGJH DQ DGYDQFHG URXWLQJ V\VWHP WDNLQJ SHUVRQDO SUHIHUHQFHV RI XVHUVPXOWLPRGDO WULSV WLPH
GHSHQGHQWWUDQVSRUWVHUYLFHVDQGUHDOWLPHLQIRUPDWLRQLQWRDFFRXQWFXUUHQWO\GRHVQRWH[LVW
3HUVRQDOL]DWLRQ
8VLQJ WHFKQRORJ\ WR SHUVRQDOL]H SHRSOH¶V H[SHULHQFHV KDV WR GDWH EHHQPRVW YLVLEOH RQ WKH ZHE 7KH
PRVWSURPLQHQWH[DPSOHLV LWVXVHIRUUHFRPPHQGDWLRQLQHFRPPHUFHVXFKDV$PD]RQ
VUHFRPPHQGHU
V\VWHP>$P@6XFKV\VWHPVRIWHQDVNXVHUVWRUDWHDYDULHW\RILWHPVHJERRNVDQGUHO\RQVRFDOOHG
FROODERUDWLYHILOWHULQJDOJRULWKPV>$G@WRDXWRPDWLFDOO\FRPSXWHSHUVRQDOLVHGUDQNLQJVRIHFRPPHUFH
LWHPVEDVHGRQWKHSUHGLFWHGLQWHUHVWDXVHUZLOOKDYHIRUHDFKRQHRIWKHP)RUH[DPSOHDXVHU
VLQWHUHVW
LQSXUFKDVLQJDERRNPD\EHFDOFXODWHGEDVHGRQWKHUDWLQJVWKDWVKHKHKDVLQSXWIRUVLPLODUERRNVZKHUH
VLPLODULW\LVLWVHOIFRPSXWHGE\ORRNLQJDWKRZWKHHQWLUHSRSXODWLRQRIZHEFXVWRPHUVKDVEHHQEURZVLQJ
DQGUDWLQJERRNV7KHIRXQGLQJSULQFLSOHEHKLQGWKHVHV\VWHPVLVWKDWHDFKFXVWRPHUZLOOKDYHDXQLTXH
H[SHULHQFHZLWKWKHRQOLQHSRUWDOLQWHUPVRIZKDWFRQWHQWWKH\DUHUHFRPPHQGHGVLPLODUWHFKQLTXHVKDYH
EHHQXVHGWRUHFRPPHQGRQOLQHQHZV>'D@PXVLF>&H@DQGPRYLHV>3L@
:KLOHWKHVHWHFKQLTXHVKDYHEHHQZLOGO\SRSXODURQOLQHDQGKDYHEHFRPHFRUQHUVWRQHVRIPDQ\RQOLQH
EXVLQHVVHVWKH\KDYH\HWWREHDSSOLHGWRDWUDQVSRUWVHWWLQJ
1DWXUDO/DQJXDJH3URFHVVLQJ
1DWXUDO/DQJXDJH3URFHVVLQJ1/3LQVLPSOHVWWHUPVFDQEHGHILQHGDVDPHWKRGRIKXPDQFRPSXWHU
LQWHUDFWLRQ1DWXUDO ODQJXDJHDSSHDUVWREHDQRSWLPDOVXEVWLWXWH IRUIRUPDOTXHU\ODQJXDJHVLQRUGHUWR
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DOORZ XVHUV WR DFFHVV GDWDEDVHV XVLQJ IDPLOLDU FRQFHSWV DQG UHTXLUHPHQWV 6RPH RI WKH NH\ DVSHFWV RI
1/3DUHQDWXUDOODQJXDJHXQGHUVWDQGLQJFRQYHUWLQJWH[WLQWRDIRUPDOUHSUHVHQWDWLRQWKDWWKHFRPSXWHU
FDQ PDQLSXODWH RSWLFDO FKDUDFWHU UHFRJQLWLRQ DQG TXHVWLRQ DQVZHULQJ &XUUHQW DSSURDFKHV SRLQW
WRZDUGVV\VWHPVXVLQJRQHRUPRUHOD\HUVRIVRPHLQWHUPHGLDWHUHSUHVHQWDWLRQODQJXDJH1/3PD\KDYH
DQ XQGHUO\LQJ RQWRORJ\ ZKLFK UHSUHVHQWV NQRZOHGJH DV D VHW RI FRQFHSWV ZLWKLQ D GRPDLQ DQG WKH
UHODWLRQVKLSVEHWZHHQWKRVHFRQFHSWV7KHUHODWLRQVKLSVFDQEHRIGLIIHUHQWW\SHVDQGDUHXVHGWRGHVFULEH
ERWKWKHGRPDLQDQGLWVFRQFHSWV7KHXVHU¶VTXHU\LVWUDQVIRUPHGLQWRDVHWRIFODXVHVH[SUHVVLQJKLJK
OHYHO ORJLFDOVHPDQWLF UHSUHVHQWDWLRQV7KHPRGXOHJHQHUDWLQJ WKH LQWHUPHGLDWH OHYHOPD\DOVRHQFRGHD
ZRUOGPRGHOW\SLFDOO\FRQVLVWLQJRIDQLVDKDVDKLHUDUFK\RIFRQFHSWVZLWKVRPHFRQVWUDLQWVWROLPLWWKH
SUHGLFDWHDUJXPHQWVWKDWFDQDSSHDULQWKHORJLFDOIRUP$OVKDZL1/3FDQEHHIIHFWLYHO\XVHGLQ
DOPRVWHYHU\GRPDLQ)RUH[DPSOHDQ1/3EDVHGKHOSGHVNFDQLPSURYHWKHSHUIRUPDQFHDQGHIILFLHQF\
RIDFRPSDQ\$OVR1/3LVXVHGLQ*,6WHFKQRORJ\ZKLFKKDVDJUHDWQXPEHURISRVVLEOHDSSOLFDWLRQV
UHVRXUFHPDQDJHPHQWPDUNHWLQJORJLVWLFVHWF7KHFRVWRIWUDLQLQJSHRSOHLQWKHXVHRID*,6V\VWHPLV
FXUUHQWO\HVWLPDWHGWRKDYHWKHVDPHRUGHURIPDJQLWXGHDVWKHDFTXLVLWLRQRIWKHQHFHVVDU\KDUGZDUHDQG
VRIWZDUH>0D@1/3*,6LPSOLHVWKDW WKHXVHUPXVWRQO\KDYHDPLQLPDONQRZOHGJHUHJDUGLQJD*,6
V\VWHPKHQFHUHGXFLQJWKHWUDLQLQJFRVW
6PDUW0RELOH,QWHUIDFHV
7KHFRQFHSWRIVPDUW LQWHUIDFHVVWHPVIURPWKHLGHDVRIFRQWH[WXDODZDUHQHVVDPELHQWLQWHOOLJHQFHDQG
PXOWLPRGDO LQWHUDFWLRQ WKH JRDO LV WR WXQH XVHU LQWHUDFWLRQ SDUDGLJPV WR HQYLURQPHQWDO FRQGLWLRQV DQG
XVHU KDELWV &XUUHQW UHVHDUFK KDV IRFXVHG RQ GHYHORSLQJ WHFKQLTXHV WR LGHQWLI\ DV PXFK FRQWH[WXDO
LQIRUPDWLRQ DV SRVVLEOH 5HOHYDQW ZRUN LQFOXGHV WKH &RQWH[W 0DQDJLQJ )UDPHZRUN GHYHORSHG E\
.RUSLSllHWDO>.R@ZKHUHDVHWRIUHVRXUFHVDQGFRQWH[WUHFRJQLWLRQVHUYHUVDUHXVHGWREXLOGDFRQWH[W
PDQDJHUWREHHYHQWXDOO\LQWHUIDFHGZLWKDQHQGXVHUDSSOLFDWLRQ2WKHUPLGGOHZDUHLQFOXGHWKH6HUYLFH
2ULHQWHG&RQWH[W$ZDUH0LGGOHZDUHGHYHORSHGE\ >*X@ WR FUHDWH FRQWH[W DZDUH VHUYLFHV IRUPRELOH
DSSOLFDWLRQV &RQWH[W$ZDUHQHVV 6XE6WUXFWXUH >)D@ LV D VLPLODU PLGGOHZDUH WR UHWULHYH LQIRUPDWLRQ
IURPGLIIHUHQWGLVWULEXWHGVHQVRUVFROOHFWWKHPDQGLQWHUSUHWWKHP$QRWKHUV\VWHPVSHFLDOLVLQJLQFRQWH[W
DZDUHQHVVIRUPRELOHGHYLFHVLV+\GURJHQ>+R@ZKLFKGLVWLQJXLVKHVEHWZHHQORFDODQGUHPRWHFRQWH[W
WKHIRUPHUEHLQJWKHDZDUHQHVVDYDLODEOHIURPWKHPRELOHGHYLFHWKHODWWHUEHLQJWKHRQHDYDLODEOHIURP
RWKHU GHYLFHV $ IXUWKHU IUDPHZRUN LV &257(; V\VWHP EDVHG RQ 6HQWLHQW 2EMHFW 0RGHO >%L@
VSHFLILFDOO\GHVLJQHGWRFDWHUIRUPRELOHVFHQDULRUHTXLUHPHQWV
$YHU\ODUJHFRUSXVRIUHVHDUFKSDSHUVDUHDYDLODEOHLQWKHILHOGRIDPELHQWLQWHOOLJHQFHZKHUHEHKDYLRXUV
RI XVHUV KDYHEHHQPRQLWRUHG LQ FORVHG FRQWUROOHG ³VPDUW´ HQYLURQPHQWV ,QFUHDVLQJ DWWHQWLRQ LV EHLQJ
SDLG WR PRQLWRULQJ PRYHPHQW EHKDYLRXUV RI XVHUV PDLQO\ IRU KHDOWK PRQLWRULQJ DQGRU LPSURYLQJ
UHDVRQV ([DPSOHV LQFOXGH WKH ZRUN RI &RQVROYR HW DO >&R@ ZKLFK PDNH XVH RI PRELOH SKRQHV
FRQQHFWHG WR SRUWDEOH ILWQHVV VHQVLQJ XQLWV FRQQHFWHG WR PRELOH SKRQHV YLD %OXHWRRWK 2WKHU VLPLODU
DSSOLFDWLRQVPDNHXVHRIH[WHUQDOVHQVLQJXQLWV>&K@6HYHUDOUHVHDUFKZRUNVPDNHXVHRILQIRUPDWLRQ
FRPLQJ IURP VHQVRUV ILWWHG RQ PRELOH HJ WKH:LUHOHVV 6HQVRU 'DWD0LQLQJ SURMHFW >.Z@ ZKHUH
$QGURLGSKRQHVDUHXVHGWRGHWHFWDFWLYLWLHVVXFKDVZDONLQJMRJJLQJDVFHQGLQJRUGHVFHQGLQJVWDLUVRU
VWDWLRQDU\ VWDWH HJ VLWWLQJ RU VWDQGLQJ 6LPLODU DSSURDFKHV KDYH EHHQ GHYHORSHG E\ WKH VFLHQWLILF
FRPPXQLW\ WR GHDO ZLWK PXOWLPRGDO LQWHUDFWLRQV ZKHUH ³PXOWLPRGDO´ UHIHUV WR WKH SRVVLELOLW\ RI
LQWHUDFWLQJZLWKDFRPSXWHU LQWHUIDFH WKURXJKPXOWLSOH LQWHUDFWLRQPRGDOLWLHV HJYRLFHJHVWXUHVJD]H
HWFDVRSSRVHGWR³PXOWLPRGDO´WUDQVSRUWVZKLFKUHIHUWRWULSVEDVHGRQGLIIHUHQWW\SHVRIWUDQVSRUWDWLRQ
PHDQV EXV WUDLQ HWF 6HYHUDO UHVHDUFKZRUNV KDYH H[SORUHG KRZ WR ³IXVH´ LQIRUPDWLRQ FRPLQJ IURP
VLQJOHXQLPRGDO UHFRJQL]HUV LQWRDPRUHDUWLFXODWHGPXOWLPRGDODFWLRQ$QXPEHURI³IXVLRQHQJLQHV´
KDYHEHHQGHYHORSHGDVFDQEHUHDGLQVXUYH\VVXFKDVLQ>/D@,QIDFWDPRQJWKHPRVWIDPRXVWRDVVHVV
WKHEHVWPHUJLQJRI LQIRUPDWLRQFRPLQJ IURP WKHGLIIHUHQW UHFRJQL]HUZH ILQGVHPDQWLF IXVLRQ >:X@
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>-R@ WKH0HPEHUV7HDPV&RPPLWWHHPHWKRG >*H@ DVZHOO DV RWKHU UHOHYDQW VWDWLVWLFDO WHFKQLTXHV
7KH DGRSWLRQ RI PXOWLPRGDO LQWHUIDFHV LQ WKH PRELOH GHYLFHV EULQJV LPSURYHG HUJRQRPLFV WKURXJK
DGRSWLRQRIPRUHQDWXUDO LQWHUDFWLRQVDQG LWDOORZVJUHDWHUQDWXUDOQHVV LQ WKHZD\ WKHXVHU LQWHUIDFH WKH
PDFKLQHWKURXJKWKHDGRSWLRQRIIOH[LEOHKXPDQFRPPXQLFDWLRQSDWWHUQV>2Y@
*LYHQWKHUHYLHZRIUHODWHGZRUNDERYHWKHIROORZLQJVHFWLRQVZLOOGHFRPSRVHWKHL7RXUV\VWHPLQWR
FRPSRQHQWVWKDWZLOOGHVFULEHZKDWZHDUHEXLOGLQJDQGPRUHVSHFLILFDOO\ZKDWSUREOHPVWKHVHVROYH
0XOWL0RGDO5RXWH3ODQQLQJDQG([HFXWLRQ
,QOLQHZLWKREMHFWLYHVIRUDQHZJHQHUDWLRQRI$7,6WKHURXWLQJV\VWHPZHSURSRVHKHUHVKRXOGKDYHWKH
IROORZLQJ FKDUDFWHULVWLFV PXOWLPRGDO UHDOWLPH LQIRUPDWLRQ PXOWLFULWHULD HYDOXDWLRQ RI OLQN FRVWV
SHUVRQDOL]HGLQIRUPDWLRQDGYLFHDQGHQYLURQPHQWDODZDUHQHVV7RDFKLHYHWKLV WKHPXOWLPRGDOURXWLQJ
V\VWHP XVHV WZR NLQGV RI DOJRULWKPV D QHWZRUN FRPSLODWLRQ DOJRULWKP DQG D URXWH VHDUFK DOJRULWKP
&RPSLODWLRQRIDQHWZRUNLQYROYHVILUVWFRPSLOLQJWKHSULYDWHDQGSXEOLFQHWZRUNVLQGLYLGXDOO\DQGQH[W
LQWHUFRQQHFWLQJ WKH WZR QHWZRUNV E\ DGGLQJ WUDQVIHU OLQNV DW QRGHV ZKHUH WKH WUDYHOOHU FDQ WUDQVIHU
EHWZHHQWKHWZRQHWZRUNVHJSDUNDQGULGHIDFLOLWLHV7KHODWWHUVWHSLVHVVHQWLDODQGUHVXOWVLQDK\SHU
RUVXSHUQHWZRUN7RDFFRXQW IRUG\QDPLFWUDYHOVSHHGVDWLPHGHSHQGHQWPHWKRGLVXVHGIRUURXWLQJ
ZLWKLQ SULYDWHYHKLFOH QHWZRUNV 3XEOLF WUDQVSRUW QHWZRUNV LQVWHDG DUH FKDUDFWHUL]HG E\ SUHGHILQHG
WLPHWDEOHVDQGYHKLFOHURXWHV7KHWLPHH[SDQGHGPHWKRGLVXVHGWRLQFRUSRUDWHWLPHWDEOHDVZHOODVURXWH
LQIRUPDWLRQ LQ WKHSXEOLF WUDQVSRUW QHWZRUN7KHSHGHVWULDQQHWZRUN LV FUXFLDO IRU GHWHUPLQLQJ WUDQVIHU
OLQNV LQ WKH LQWHJUDWLRQ VWHS:DONLQJ LV LQYROYHG LQ DQ\ SRVVLEOH WUDQVIHU EHWZHHQ SULYDWH DQG SXEOLF
PRGHV:H DGG WUDQVIHU OLQNV WKURXJK VHDUFKLQJ QHDUHVW QRGHV LQ WKH SHGHVWULDQ QHWZRUN:KHQ D IXOO
PXOWLPRGDOWUDQVSRUWQHWZRUNKDVEHHQFRQVWUXFWHGLQWKLVZD\ZHFDQXVHDVWDQGDUGURXWLQJDOJRULWKPV
VXFK DV 'LMNVWUD RU $ WR VHDUFK IRU RSWLPDO SDWKV 7KH LQWHJUDWHG QHWZRUNV FDQ EHFRPH YHU\ ODUJH
GHSHQGLQJRQWKHDYDLODELOLW\RIWUDQVSRUWPRGHVIRUDWULSDQGWKHH[WHQWRIWKHSXEOLFWUDQVSRUWQHWZRUN
LQ WKH DUHD XQGHU FRQFHUQ 7R UHGXFH FRPSXWDWLRQ WLPH VWUDWHJLHV VXFK DV GDWD SUHSURFHVVLQJ EL
GLUHFWLRQVHDUFKDQGPDNLQJXVHRIWKHKLHUDUFKLFDOVWUXFWXUHRIURDGQHWZRUNVDUHFRQVLGHUHG

7KHSURSRVHG URXWLQJ V\VWHP WDNHVSDUWLFXODU SUHIHUHQFHV RI XVHUV LQWR DFFRXQWE\ XVLQJ H[WHQGHG OLQN
FRVWIXQFWLRQV7KHOLQNFRVWVIXQFWLRQVGRQRWRQO\FRQVLGHUWUDYHOWLPHDQGWUDYHOFRVWVFRPSRQHQWVEXW
DOVR LQFOXGH IDFWRUV WKDW UHODWH WR FRQYHQLHQFH DQG HPLVVLRQRI SROOXWDQWV(VSHFLDOO\ FRQYHQLHQFH LV D
UDWKHUFRPSOH[IDFWRUWKDWLQFOXGHVDQXPEHURIGLPHQVLRQVVXFKDVSRVVLEOHSUHIHUHQFHVRIDWUDYHOOHUIRU
URDGW\SHHJKLJKZD\RYHUORFDOURDGVWUDQVSRUWPRGHHJFDURYHUWUDLQDQGWUDLQRYHUEXVVHUYLFH
TXDOLW\HJVHDWDYDLODELOLW\LQDEXVDQGLQFRQYHQLHQFHVUHODWHGWRWUDQVIHUVZDLWLQJDQGSK\VLFDOHIIRUW
HJELNLQJZDONLQJ,QWKHVXSHUQHWZRUNUHSUHVHQWDWLRQWKDWZHXVHWKHGLIIHUHQWPRGHVDQGVWDJHVRID
WULS VXFK DV ZDLWLQJ ERDUGLQJ DOLJKWLQJ DQG WUDQVIHUULQJ DUH DOO LGHQWLILHG E\ OLQN W\SH VR WKDW LQ
DGGLWLRQWRDWWULEXWHVVWRUHGDW OLQNVDOO WKHVHSUHIHUHQFHVFDQEHDFFRPPRGDWHGLQ OLQNFRVWVIXQFWLRQV
2QWKHRWKHUKDQGHPLVVLRQLVFDOFXODWHGDWWKHOLQNOHYHODVDIXQFWLRQRIGLVWDQFHWUDYHOOHGWUDYHOVSHHG
DWWULEXWHV RI WKH YHKLFOH IXHO W\SH YHKLFOH WHFKQRORJ\ DQGQXPEHURI SDVVHQJHUV LQ WKHYHKLFOH XVLQJ
HPLVVLRQIDFWRUV IURP&23(57,9± WKHFXUUHQW(XURSHDQVWDQGDUG LQHPLVVLRQPRGHOOLQJ ,Q WHUPVRI
WUDYHO FRVWV IXHO XVH IXHO SULFH DQG SDUNLQJ IHH LI GDWD VXSSRUWV DUHPDLQ DWWULEXWHV IRU FDUZKHUHDV
WLFNHWSULFHLVWKHPDLQDWWULEXWHIRUSXEOLFWUDQVSRUW)XHOXVHLVFDOFXODWHGDWOLQNOHYHODVDIXQFWLRQRI
VSHHG GLVWDQFH DQG YHKLFOH DWWULEXWHV IXHO W\SH WHFKQRORJ\ DJDLQ XVLQJ&23(57 ,9GDWD DERXW IXHO
FRQVXPSWLRQUDWHV7DULIIVWUXFWXUHVIRUSXEOLFWUDQVSRUWFDQEHTXLWHFRPSOH[)RUPXOWLPRGDOURXWLQJLW
LV QHYHUWKHOHVV DQ LPSRUWDQW IDFWRU7KH URXWLQJ V\VWHPFDOFXODWHV DSSUR[LPDWLRQVRI WLFNHW SULFHVRQD
OLQNOHYHOEDVHGRQHLWKHURQHRIWZRSRVVLEOHVWUXFWXUHVWKDWDSSOLHVDV\VWHPRIWDULII]RQHVRQWKHRQH
KDQG DQG OLQHDU IXQFWLRQV RI GLVWDQFH RQ WKH RWKHU KDQG ZKLFKPD\ LQFOXGH D FRQVWDQW IRU XVLQJ WKH
VHUYLFH
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$NH\WRSURYLGLQJSHUVRQDOL]HGURXWLQJDGYLFHLVWKHQRWLRQWKDWZD\VWRWUDGHRIIWKHVHYDULRXVIDFWRUV
PD\GLIIHU EHWZHHQSHUVRQV HJ LQFRPH LQDELOLWLHV DVZHOO DV GHSHQGLQJRQ VLWXDWLRQDO IDFWRUV HJ
ZHDWKHU WLPH WUDYHOLQJ DORQH RU ZLWK D FKLOG FDUU\LQJ OXJJDJH 7KH ZHLJKWV DVVLJQHG WR GLIIHUHQW
FULWHULD VXFK DV LQFRQYHQLHQFH WUDYHO FRVWV WUDYHO WLPH DQG VR RQ DV ZHOO DV WKH ZD\V D WUDYHOOHU
HYDOXDWHVLQFRQYHQLHQFHIDFWRUVDUHVWRUHGDVSDUDPHWHUVLQWKHV\VWHP)RUHYHU\JLYHQURXWLQJUHTXHVW
WKH YDOXHV RI WKH SDUDPHWHUV DSSURSULDWH IRU WKH FDVH DW KDQG DUH SURYLGHG DQG ORDGHG LQ WKH QHWZRUN
EHIRUHJHQHUDWLQJD URXWH7KXV WKHURXWLQJV\VWHPFDQJHQHUDWH IDVWHVWFKHDSHVWPRVWFRQYHQLHQWDQG
PRVWHQYLURQPHQWDOIULHQGO\URXWHVDVZHOODVRSWLPDOURXWHVEDVHGRQWKHSUHIHUHQFHVRIWKHXVHU
3HUVRQDOL]HG7UDYHO$OHUWV
,QWKHFRQWH[WRIWUDQVSRUWV\VWHPVZHGHILQHWKHLQWHUHVWWKDWDXVHUKDVLQSXEOLFWUDQVSRUWVWDWLRQDVWKH
SURSRUWLRQRIWLPHVWKDWWKHXVHUVWDUWVRUHQGVDMRXUQH\DWDSDUWLFXODUVWDWLRQWKLVLVZKDWFRQVWLWXWHVWKH
XVHUSURILOHDVGHILQHGLQ6HFWLRQ,QRWKHUZRUGVLIDXVHUWDNHVRQO\WULSLQDJLYHQSHULRGDQGWKXV
YLVLWVWZRVWDWLRQVWKHRULJLQDQGGHVWLQDWLRQWKHPHDVXUHGLQWHUHVWLQWKHHDFKVWDWLRQZLOOEHLQWHUHVW
YDOXHV OLH LQ WKH UDQJH >@:HDVVXPH WKDW LQWHUHVWGHILQHG LQ WKLVZD\ LVFRUUHODWHG WRHDFKXVHU¶V
DFWXDO VWDWLRQSUHIHUHQFHV1RWH WKDW XQOLNHDERYH LQ WKLV VHFWLRQZH UHVWULFWRXU WHVW VHW WR WKRVHXVHUV
ZKRKDYHDSSHDUHGDWOHDVWRQFHLQWKHWUDLQLQJSHULRG
*LYHQ WKHVH LQWHUHVW VFRUHV WKDW WUDYHOOHUV DUH DVVLJQHG DV WKH\ PRYH ZH FDQ GHVLJQ V\VWHPV WKDW
DXWRPDWLFDOO\JLYHWUDYHOOHUVDOHUWVDERXWWKHURXWHVWKDWWKH\WDNH>/D@,QSDUWLFXODUZHFRPSDUHDFURVV
XVHUV LQRUGHU WR LGHQWLI\SRWHQWLDO LQWHUHVW LQ D VWDWLRQ WKDW D WUDYHOOHU KDV QRW EHHQ WR -XVW OLNHRQOLQH
UHFRPPHQGHUV\VWHPVVD\³SHRSOHZKROLNHGWKHERRN;DOVROLNHERRN<´ZHFDQSHUIRUPYHU\VLPLODU
FRPSXWDWLRQV WR GHGXFH ³SHRSOH ZKR DUH LQWHUHVWHG LQ WUDYHO DOHUWV IRU VWDWLRQ ; DUH OLNHO\ WR DOVR EH
LQWHUHVWHGLQWUDYHODOHUWVIRUVWDWLRQ<´
2QHRIWKHNH\DVSHFWVRIVXFFHVVIXOUHFRPPHQGHUV\VWHPVLV WKDW WKH\WDLORULQIRUPDWLRQLQWUDQVSDUHQW
ZD\XVHUVVKRXOGEHDEOHWRLQIHUZK\WKH\DUHEHLQJUHFRPPHQGHGZKDWWKH\UHFHLYH2XUWULSHVWLPDWLRQ
SURSRVDOV GHWDLOHG LQ >/D@ FRPH ZLWK WKH VDPH EHQHILW WKH\ QRW RQO\ DOORZ IRU PRUH DFFXUDWH
SUHGLFWLRQVEXWDOVRUHDVRQVZK\WKRVHSUHGLFWLRQVPD\EHFRUUHFW6XFKWUDQVSDUHQF\FDQDOVREHXVHGWR
LQIRUPWUDYHOOHUVDERXWKRZWKHLUGDWDLVEHLQJXVHGWRFDWHUIRUWKRVHZKRPD\EHZDU\RUKDYHSULYDF\
FRQFHUQV
1DWXUDO/DQJXDJH3URFHVVLQJIRU0RELOH6HDUFK
,QRXU DSSURDFK QDWXUDO ODQJXDJHTXHULHV DUHPDSSHG LQWR D ORJLFDOVHPDQWLF UHSUHVHQWDWLRQ JHQHUDWHG
IURPDOHYHORIOLQJXLVWLFUHSUHVHQWDWLRQRIWKHTXHU\7KHVHDUHWKHQOLQNHGWRWKHGRPDLQRQWRORJ\ZKLFK
DFWV DV D IRUPDO LQWHUSUHWLYH PRGHO RI SUHGLFDWLYH FRQVWDQWV DQG H[SUHVVHV WKH FRQFHSWXDO UHVWULFWLRQV
FRQVWUDLQLQJWKHFRPSRVLWLRQDOSURFHVVRIEXLOGLQJORJLFDOIRUPVRXWRIWKHV\QWDFWLFDOO\DQDO\VHGQDWXUDO
ODQJXDJH
%HORZLVDQH[DPSOHRIKRZDQDWXUDOODQJXDJHTXHVWLRQVLVWUDQVIRUPHGLQWRDVHWRIFODXVHV³+RZFDQ,
JHWWR;E\FDULQOHVVWKDQWZRKRXUV´LVWUDQVODWHGLQWRDVHWRIFODXVHV³,ZDQWWRJHWWR;´DQG³,
WUDYHO E\ FDU´ DQG ³-RXUQH\ WLPH VPDOOHU RU HTXDO   WZR KRXUV´ H[SUHVVLQJ KLJK OHYHO ORJLFDO
VHPDQWLF UHSUHVHQWDWLRQV /RJLFDO IRUPV DUH WKHQ DXWRPDWLFDOO\ PDSSHG LQWR 64/ TXHULHV E\ SRVW
SURFHVVRUDQGSDUVHUD)X]]\(QJLQHWRGHDOZLWKWUHDWPHQWRIOH[LFDOYDJXHQHVVDQ64/WUDQVODWLRQ


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)LJ&RQWH[WXDO5HFRJQLWLRQDQGVHOHFWLRQLFRQLFLQWHUIDFH
(QJLQHDQGZKHUHQHFHVVDU\D'LDORJXH0DQDJHU7KHDSSOLFDWLRQSURYLGHVWKUHHW\SHVRIDFFHVVZHE
606 YRLFH 7KH 1/3 VHUYHU DIWHU D IRUPDO YDOLGDWLRQ RQ WKH SURYLGHG ILHOGV HQDEOHV WKH IROORZLQJ
EORFNV RUWKRJUDSKLF YHULILFDWLRQ QDPH UHFRJQLWLRQ SODFH QDPH UHFRJQLWLRQ V\QWDFWLF HQJLQH DQG
VHPDQWLFHQJLQH(DFKSLHFHRIGDWDFROOHFWHGE\WKHWUDYHOOHU¶VPRELOHRUZHEDSSZLOOEHSDUVHGDQGLI
SRWHQWLDOO\XVHIXOWRWKH1/3PRGXOHZLOOEHZUDSSHGDQGWUDQVPLWWHGDVDGGLWLRQDOGDWDDUUD\WRV\VWHP
1/3 FDQ WKXV OHDUQ WKH W\SHV RI TXHVWLRQ VHOHFWHG ORFDWLRQV V\VWHP UHFRPPHQGDWLRQV DQG XVHU
SUHIHUHQFHV7KH1/3PRGXOHFDQEHDOVRXVHGZLWKD606006LQWHUIDFH:KHQWKHXVHUFKRRVHVWKLV
V\VWHP WKH LQWHUDFWLRQ LV UHGXFHGDOOGLDORJ WKUHVKROGVZLOOEH LQFUHDVHG WR UHGXFH WKHQXPEHURI606
VHQWDQGUHFHLYHGE\WKHXVHU2QO\RQHRUWZRUHVXOWVDUHGLUHFWO\VHQWWRWKHXVHU¶VPRELOHSKRQH7KH
JUDSKLF LQWHUIDFH LV RSWLPL]HG WR H[SORLW DOO WKH IHDWXUHV RIIHUHG E\ ULFK DSSOLFDWLRQV 'XULQJ TXHVWLRQ
W\SLQJ WKH XVHU LV KHOSHGE\ WKH V\VWHP LW SURYLGHV QHDUE\SODFHQDPHV XVLQJ JHRFRGLQJ DQGRU WKH
IUHTXHQWO\XVHGRQHVLQWKHUHFHQWTXHULHVDQGLQUHFHQWVHDUFKHV7KHV\VWHPFROOHFWVHDFKW\SHGTXHU\
DQG VDYHV WKH XVHU¶V IHHGEDFN7KLV UHSUHVHQWV JOREDO LQIRUPDWLRQ WKDW WKH1/3HQJLQH XVHV WRSURYLGH
DFFXUDWHDQVZHUV7KHV\VWHPZLOOLQFUHDVHLWVSHUIRUPDQFHVIURPXVHULQWHUDFWLRQ
&RQWH[W$ZDUH0RELOH,QWHUIDFHV
7KH GHILQLWLRQ RI D V\VWHP FDSDEOH RI UHFRJQL]LQJ GLIIHUHQW XVHU EHKDYLRXUV VXFK DVZDONLQJ UXQQLQJ
F\FOLQJ RU FRQWH[WXDO VLWXDWLRQV OLNH LQGRRU DQG RXWGRRU JRHV LQ SDUDOOHOZLWK D SUHFLVH VHW RI DGDSWLYH
YLVXDOLQWHUIDFHVWKDWFKDQJHWKHLUFRQILJXUDWLRQEDVHGRQWKHLQIHUUHGDFWLYLW\7KLVV\VWHPWKDQNVWRLWV
LQWHUQDO FRQWH[WDZDUH UHFRJQL]HU EDVHG RQ WKH FRQFHSW RI KXPDQ OHDUQLQJ VHWV DQG 6XSSRUW 9HFWRU
0DFKLQHV LV DEOH WR LGHQWLI\ WZR PDLQ JURXS RI LQIRUPDWLRQ PRYHPHQW DQG DPELHQW FRQGLWLRQV $V
VKRZQLQ)LJXUHOHIWDQGFHQWUHUHSUHVHQWLQJWKHKRPHVFUHHQRIWKHDSSOLFDWLRQZLWKDWRSOHIWLFRQ
ZLWKWKHDFWXDOUHFRJQL]HGVWDWXVRUDJULGRILFRQWRVHOHFWLWZKHQZURQJWKHDPRXQWRIWH[WLVUHGXFHG
WRDPLQLPXPZLWKDQDOPRVW WRWDO DGRSWLRQRI LFRQV7KLVFDQEH VHHQDOVR LQ)LJ ULJKWZKHUH WKH
DJHQGDHYHQWVDUHORFDWHGH[DFWO\RQWKHFRUUHVSRQGLQJORFDWLRQRQWKHPDSVKRZLQJWKHVXEMHFWEXWDOVR
WKHWLPHVORWWKHGHOD\LILWLVSULYDWHRUSXEOLFWKHFDOHQGDUW\SHDQGWKHUDWLQJ


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)LJ/HIW*HVWXUH5HFRJQLWLRQ5LJKW,QWHUIDFH([DPSOHDQGGLPHQVLRQV
7KHVHLFRQVQDWXUDOO\LPSO\WKHEHKDYLRXUWKH\WULJJHUDQGDUHVLPSOHUWRKDQGOHZKHQXVHUUHTXLUHPHQWV
FKDQJH WKH\FDQEHVFDOHGKLGGHQRU UHDUUDQJHGZLWKPLQLPDOHIIRUW)RU LQVWDQFHZKLOHZDONLQJ WKH
QXPEHU RI LFRQV FDQ EH UHGXFHG WR WKHPRVW XVHIXO RQHV OLNH WKH RQH IRU WKH ODWHVW DOHUWV DQG WKHPDS
YLVXDOL]DWLRQZKLOHZKHQIROORZLQJWKHWUDYHODVVLVWDQWWKHV\VWHPFDQH[SORLWEXLOWLQVHQVRUVWRVZLWFK
WKHPDSDFFRUGLQJO\WRWKHSKRQHRULHQWDWLRQDVLQ)LJXUHULJKWLPDJHVZKHUHWKHPDSLVYLVXDOLVHGLQ
WZRGLPHQVLRQVWKUHHGLPHQVLRQVDQGDXJPHQWHGUHDOLW\7KHDGRSWLRQRIDJHVWXUHUHFRJQL]HURQDOOWKH
DYDLODEOH LQWHUIDFHV DV VKRZQ LQ )LJXUH  OHIW LPDJHV VLPSOLILHV WKH DFFHVV WR WKH PRVW FRPPRQ
RSHUDWLRQV VXFK DV FRQILUP RU FDQFHO V\VWHP VXJJHVWLRQV UHIUHVK WKH YLHZ RU JR EDFN WR WKH SUHYLRXV
PHQXZLWKRXWUHTXLULQJDSDUWLFXODUSUHFLVLRQWRVHOHFWWKHFRUUHVSRQGLQJRSWLRQ7KHXVHUQHHGVRQO\WR
GUDZDVKDSHVLPLODUWRRQHRIWKRVHRQDSUHGHILQHGVHWUHJDUGOHVVRILWVVL]H
&RQFOXVLRQ
,Q WKLV SDSHUZH KDYH SUHVHQWHG WKH RQJRLQJ UHVHDUFK DQG SURWRW\SH GHYHORSPHQW DERXW SHUVRQDOL]HG
WUDYHOOHULQIRUPDWLRQV\VWHPVWKDWLVSDUWRIWKH(&L7RXUSURMHFW,QWKHQHDUIXWXUHZHSODQWRLPSURYH
WKHURXWLQJV\VWHPZLWKGHGLFDWHGFKRLFHH[SHULPHQWVLQYROYLQJUHSUHVHQWDWLYHVDPSOHVRIWKHSRSXODWLRQ
WRFROOHFWGDWD WR IHHG LQWR WKHV\VWHPDVZHOO DVGHSOR\ WKHSURWRW\SH WR VROLFLW IHHGEDFN IURPD ODUJH
VDPSOHRIWUDYHOOHUV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKOHDGLQJWRWKHVHUHVXOWVKDVUHFHLYHGIXQGLQJIURPWKH(XURSHDQ&RPPXQLW\¶V6HYHQWK)UDPHZRUN3URJUDPPH)3
66757'XQGHU*UDQW$JUHHPHQWQ
5HIHUHQFHV
$G *$GRPDYLFLXVDQG$7X]KLOLQ7RZDUGVWKH1H[W*HQHUDWLRQRI5HFRPPHQGHU6\VWHPV$6XUYH\RIWKH6WDWHRIWKH
$UWDQG3RVVLEOH([WHQVLRQV,(((7.'(±-XQH
$P ;$PDWULDLQ$-DLPHV12OLYHUDQG-03XMRO'DWD0LQLQJ0HWKRGVIRU5HFRPPHQGHU6\VWHPV,Q.DQWRU5LFFL
5RNDFKDQG6KDSLUDHGLWRUV5HFRPPHQGHU6\VWHPV+DQGERRN6SULQJHU$XJXVW
$\ $\HG+	.KDGUDRXL'7UDQVIHUJUDSKDSSURDFKIRUPXOWLPRGDOWUDQVSRUWSUREOHPV6HFRQG,QWHUQDWLRQDO&RQIHUHQFH
0&20HW])UDQFH±/X[HPERXUJ
%H %HHOH03HUVRQDOLQWHOOLJHQWWUDYHODVVLVWDQWDGLVWULEXWHGDSSURDFK0DVWHUtVWKHVLVRI'HOIW8QLYHUVLW\RI7HFKQRORJ\

%L %LHJHO*&DKLOO9$)UDPHZRUNIRU'HYHORSLQJ0RELOH&RQWH[WDZDUH$SSOLFDWLRQV3URFHHGLQJVRIWKHQG
,(((&RQIHUHQFHRQ3HUYDVLYH&RPSXWLQJDQG&RPPXQLFDWLRQSS±
&D &DOu'&RQGRUHOOL$3DSD65DWD0=DJDUHOOD/,PSURYLQJ,QWHOOLJHQFHWKURXJK1DWXUDO/DQJXDJH
3URFHVVLQJ$&RPSDULVRQ%HWZHHQ1/3,QWHUIDFHVDQG7UDGLWLRQDO*,6,QWHUIDFHV$176HSWHPEHU
&DQDGD
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&H 2&HOPDDQG3/DPHUH0XVLF5HFRPPHQGDWLRQ7XWRULDO,Q3UHVHQWHGDWWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ0XVLF
,QIRUPDWLRQ5HWULHYDO9LHQQD$XVWULD6HSWHPEHU
&R 6&RQVROYR':0F'RQDOG77RVFRV0<&KHQ-)URHKOLFK%+DUULVRQ3.ODVQMD$/D0DUFD//H*UDQG5
/LEE\,6PLWKDQG-$/DQGD\$FWLYLW\6HQVLQJLQWKH:LOG$)LHOG7ULDORI8ELILW*DUGHQ,Q3URFHHGLQJVRI
WKH7ZHQW\VL[WK$QQXDO6,*&+,&RQIHUHQFHRQ+XPDQ)DFWRUVLQ&RPSXWLQJ6\VWHPV3S
&K &KRXGKXU\7&RQVROYR6+DUULVRQ%+LJKWRZHU-/D0DUFD$/H*UDQG/5DKLPL$5HD$%RUGHOOR*
+HPLQJZD\%.ODVQMD3.RVFKHU./DQGD\-$/HVWHU-:\DWW'+DHKQHO'7KH0RELOH6HQVLQJ3ODWIRUP
$Q(PEHGGHG$FWLYLW\5HFRJQLWLRQ6\VWHP,Q3HUYDVLYH&RPSXWLQJ,(((9ROXPH,VVXHSS,VVXH'DWH
$SULO-XQH
'D $'DV0'DWDU$*DUJDQG65DMDUDP*RRJOH1HZV3HUVRQDOL]DWLRQ6FDODEOH2QOLQH&ROODERUDWLYH)LOWHULQJ,Q
3URFHHGLQJVRI:::,QGXVWULDO3UDFWLFHDQG([SHULHQFH7UDFNSDJHV±%DQII$OEHUWD&DQDGD0D\
)D )DK\3&ODUNH6&$66$0LGGOHZDUHIRU0RELOH&RQWH[WDZDUH$SSOLFDWLRQV:RUNVKRSRQ&RQWH[W
$ZDUHQHVV
*X *X73XQJ+.DQG=KDQJ'4$PLGGOHZDUHIRUEXLOGLQJFRQWH[WDZDUHPRELOHVHUYLFHV3URFHHGLQJVRI
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